Estimating and testing phylogenies.--DNA hybridization produces distance data, and the most appropriate method for clustering such data is least-squares regression (Sheldon in press). Templeton (1985) 
of organisms is reflected in the similarity of their DNA base pair sequences. This similarity can be measured by hybridizing strands of DNA from different species and measuring the bonding strength of these hybrids. The poorer the bonding strength, the more distantly related the organisms. The advantages of DNA hybridization are that it is objective and it accounts for historically informative characteristics encoded in the DNA that are not necessarily expressed physically. Such previously unmeasurable genetic features include pseudogenes (e.g. the obsolete genes coding for tooth structure in birds; Kollar and Fisher 1980) and regulatory genes.
Estimating and testing phylogenies.--DNA hybridization produces distance data, and the most appropriate method for clustering such data is least-squares regression (Sheldon in press). Templeton (1985) pointed out that tree-building algorithms based on procedures like least squares simply provide estimates of phylogenies. Alternative estimates require testing by statistical methods before one phylogeny can be accepted as better than others.
Unfortunately, statistical methods for testing alternative phylogenetic hypotheses have not been established. Templeton (1985) , for example, introduced the delta Q-test, but Saitou (1986) argued that this test is inadequate for differentiating topologies, and Fitch (1986) argued that it assumes evolutionary rate constancy. Although statistical procedures can be used to test for different evolutionary rates in different lineages (e.g. Felsenstein 1984 ) and, in special situations, can resolve multifurcations of the data in this study. The JST method has one additional feature. By comparing subsets of a single distance matrix, it provides an intuitive indication of the additivity and independence of the data.
MATERIALS AND METHODS
Biochemistry.--The methods used to prepare hybrids were essentially those of Sibley and Ahlquist (1981) . Further detail is provided in Sheldon (1986) .
Briefly, high molecular weight DNAs were extracted from bird erythrocytes and tissues and analyzed spectrophotometrically for protein contamination. The DNAs were then sheared by sonification, yielding fragments with an average length of 400-500 base pairs, as determined by agarose gel electrophoresis. Single-copy DNA fragments were recovered by hydroxyapatite chromatography and radioactively labeled with •2sI. The labeled DNAs were mixed with unlabeled driver DNAs in a ratio of 1:400, boiled, and incubated at 60øC to a Cot exceeding 15,000. These conditions permitted hybrids to form between DNA sequences differing in base pair complementarity by a maximum of 25-30%. The hybrids were then fractionated thermally at 2.5øC increments in lots of 25, from 55 ø to 95øC. Each 25-hybrid lot (= 1 experiment), contained at least one homoduplex control hybrid, comprising label and driver DNAs prepared from the same sample of purified DNA. The radioactivity eluted at each of the 17 fractionation temperatures, representing the amount of DNA that had dissociated to single-stranded form at that temperature, was counted in a gamma spectrometer and constituted a raw datum.
Reciprocal comparisons, involving ca. 940 hybrids, were made among 13 species of heron and 1 species of ibis (Table 1) . About 300 one-way comparisons were made using labeled DNAs from the same 13 heron species and driver DNAs from 18 additional heron taxa. Another ca. 130 hybrids were produced to determine genetic distances within species. In planning the reciprocal comparisons, an effort was made to hybridize the DNA of each of the 14 labeled species at least 5 times with the driver DNA of each of those species to produce 10 hybrids per pair. This was not always possible, however, because of their availability and supply.
Data analysis.--The 23,000 heron raw data are available to any person who sends six formatted, IBM-PC disks in a self-addressed, stamped container.
Methods of data analysis differed from those of Sibley and Ahlquist (e.g. 1981, 1983) in that ATm was used as the measure of genetic distance, instead of AT50H, and clustering was performed by least squares. The logic behind the use of ATm is discussed in the Results and Discussion and that of data correction in Sheldon (in press).
To calculate Tm, the count recorded at each temperature from 62.5 ø to 95øC was normalized to a percentage of the total counts in that range, and a cumulative frequency distribution was constructed. Tm equaled the temperature at which 50% of the counts was recorded, extrapolated by linear regression. Genetic distances (ATm's) were calculated by subtracting heteroduplex Tm values from the homoduplex Tm of the same experiment.
Interspecific distances were summarized in lists (Tables 2-15 ). The average distances between the 14 labeled taxa were calculated by multiplying the values in the lists by sample size, adding reciprocal products, and dividing the sum by the total number of observations. [A matrix of average distances was published by Sheldon (in press).] From these average distances, trees were drawn using the least-squares option of the programs "Fitch" and "Kitsch" in J. Felsenstein's phylogenetic computer package, PHY-LIP (version 2.8). The relative quality of the fit of these trees was judged from the residual sum of squares (RSS).
A Jackknife Strict-Consensus Tree was developed using the program of Lanyon (1985) . For the 14 labeled taxa, 13 13-taxa pseudoreplicate trees were constructed using PHYLIP. The nodes where the 13 trees disagreed were combined to form multifurcations. Delta Tm is more reproducible than the commonly used statistics AT50H and ATmR because, unlike these measures, ATm does not take into account normalized percent hybridization (NPH), which has a large variance, especially when closely related organisms are compared (Bledsoe 1984 , Caccone 1986 Subjective judgment is required in weighing the importance of some intra-vs. interspecific DNA hybrid values. This is especially true for one-way comparisons, but also for a few reciprocal comparisons. For example, the distance from Egretta thula to E. caerulea, ATm 1.2, was significantly greater than from thula to itself, ATm 0.6 (P < 0.001); but caerulea to thula, ATm 1.6, was not significantly different from caerulea to itself, ATm 1.1 (P = 0.134). When such disagreement occurs, one can decide whether two taxa are genetically distinct if it can be shown that the data of one species are more trustworthy than those of the other. For thula and caerulea, the decision is easy. Egretta thula had better average reciprocity than caerulea (ATm 0.2 vs. 0.5), a larger sample size of intraspecific comparisons (n = 5 vs. 2), and an average intraspecific value closer to that of all herons (0.38 _+ 0.34 SD, n = 55). It is safe to assume, therefore, that thula and caerulea are genetically distinct by DNA hybridization standards. 
PHYLOGENY
When distances among the 14 labeled taxa were clustered by least squares using PHYLIP so that negative branches were not allowed and sister branches were not required to be equal in length (i.e. a molecular clock was not assumed), the best tree had a residual sum of squares (RSS) of 2.97 (Fig. 1) Rates of evolution.--The differences in sister branch lengths (Fig. 1) The statistical significance of these rate differences was confirmed (Sheldon in press) by using the method suggested by Felsenstein (1984) . RSS values of trees computed with and without the assumption of a molecular clock were compared by F-test. Trees built without the clock assumption always provided significantly better fits to the data, even when the ingroup was comprised solely of typical herons.
It might be thought that differential rates would negate the effectiveness of DNA hybridization data in reconstructing phylogeny. Trees can be constructed from DNA hybridization data, however, regardless of differential rates, because in a pairwise DNA hybrid comparison only the sum of autapomorphic base pair changes is measured. Symplesiomorphy and synapomorphy are constants defined at the ancestor of the two taxa. If autapomorphic changes are greater in one lineage than in the other (i.e. the rate of evolution is faster in one lineage), the difference will be detected by outgroup comparisons with those two lineages (Sheldon 1986 , in press).
Evaluating estimated phylogenies.--A second branches is in question. The branch separating Bubulcus from Casmerodius and A. herodias is only 0.07 in length, which is less than one average delta-value standard deviation. These three taxa, therefore, should probably be depicted as derived from a trifucation.
The branch distinguishing the egret clade depends, in part, on the data of E. caerulea and Syrigma, which, as mentioned, are less extensive than those of other labeled taxa. When E. caerulea and Syrigma distances are omitted from the clustering process and negative branches are allowed, the short branch that distinguishes the egret clade disappears. Thus, the most conservative estimate of heron phylogeny, and the one accepted in this study, not only has a trifurcation in the Ardea clade, but a quintifurcation at the node joining the typical herons (see Fig. 2 ). Placement of unlabeled taxa.--To illustrate the relationships among all herons compared in this study, unlabeled taxa have been added to the fundamental tree described above to produce a summarizing tree (Fig. 2) . The location where most unlabeled taxa belong is obvious, because unlabeled species lie less than ATto 2.0 from other members of their assigned clade or more To be misplaced, they would have had to undergo large rate changes, and such rate differences would have been discovered through out-group comparisons.
Three species whose distances are summarized in Tables 2-15 The day and night herons comprise a tribe, the typical herons, and no genealogical distinction appears to exist between these two adaptive forms (grades). (Tables 2-15) . Those between herons and Eurypyga helias (the only "primitive" gruiform for which DNA was available) average ATm 13.2.
